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WEST, R. J. AND M. J. JARV1S. t:~[,]~cts ~/'nicotine onfinger tapping rate in non-smokers. PHARMACOL B1OCHEM 
BEHAV 25(4) 727-731, 1986.--Five experiments were conducted investigating the effects of nicotine on finger tapping rate 
in non-smokers. In each experiment subjects tapped as fast as possible a fixed number of times with one finger on a 
conventional computer keyboard. In the first experiment tapping rate was increased by two 2 mg doses of a nasal nicotine 
solution (NNS) but not by an inactive solution. The second study was carried out double-blind and showed that a single 2 
mg dose of NNS improved tapping performance by about 5% whereas a very low dose (0.15 mg) NNS and a placebo had no 
effect. The effect of the NNS was to bring about a sustained increase in tapping rate from the start of each trial. The third 
study found that the effect of nicotine on tapping was reduced by a single 2,5 mg dose of the central cholinergic blocking 
agent, mecamylamine, but not by a placebo. Experiment four followed tapping rate for one hour after a dose of two 2 mg 
NNS and showed that within a subject this behavioural measure can provide a very consistent and sensitive bio-assay of 
the time course of nicotine effects. The final experiment found that repeated dosing with one 2 mg NNS on an hourly 
schedule for six hours produced a reliable increase in tapping speed after each dose with no evidence of acute tolerance. 
The results indicate that nicotine can substantially improve performance by non-smokers on a simple motor task, probably 
via its action on cholinergic pathways. NNS provides for the first time an effective means of examining the effects of 
nicotine on non-smokers. 

Nicotine Finger tapping Non-smokers 

P H Y S I O L O G I C A L L Y ,  n ico t ine  appea r s  to have  pr imari ly  
s t imulan t  ac t ions .  It i nc reases  ad rena l ine  and  cor t isol  ou tpu t  
and raises  b lood p re s su re  and  hear t  rate [1 ,7 ,  16]. It appea r s  
to r educe  a lpha  ac t iv i ty  in the  E E G  and increase  the domi-  
nan t  a lpha  f r equency  [3,6]. The re  is a lso e v i d e n c e  tha t  it has  
s t imulan t  ac t ions  on  some pe rcep tua l  tasks .  It i nc reases  the  
cri t ical  f l icker- fus ion t h r e sho ld  [11] and  m ay  help  to sus ta in  
c o n c e n t r a t i o n  in long symbol  recogni t ion  tasks  [13]. As yet 
there  is little ev idence  tha t  n ico t ine  has  s imilar  effects  on 
simple m o t o r  tasks .  

One  p rob lem with  a s sess ing  the  effects  of  n ico t ine  on 
p e r f o r m a n c e  is tha t  ideally one  w a n t s  to use n o n - s m o k e r s  
w h o  have  not  had a c h a n c e  to bui ld up a to l e rance  to its 
effects ,  yet it has  been  difficult  to find a m e a n s  o f  admin is te r -  
ing n ico t ine  to n o n - s m o k e r s .  Cigare t tes  are o f  little value  
because  n o n - s m o k e r s  find the  s m o k e  too i r r i tant  to inhale .  
N ico t ine  chewing  gum induces  nausea .  N ico t ine  t ab le t s  have  
been  used [2, 12, 13] bu t  these  are  a poor  m e a n s  of  de l ivery  
because  swal lowed  n ico t ine  is no t  well a b s o r b e d  and  mos t  of  
wha t  is inges ted  is me t abo l i s ed  in the  first pass  in the  liver.  
C rush ing  the tab le t s  and  ho ld ing  t h e m  in the m o u t h  may  

al low some bucca l  abso rp t ion  but  levels  are likely to be very  
low. 

Recen t ly  a t echn ique  of  dos ing  n o n - s m o k e r s  wi th  n icot ine  
has  been  deve loped  wh ich  can  provide  a m o d e r a t e  dose  rel- 
a t ive ly  quickly.  This  m e t h o d  invo lves  placing a drople t  of  a 
n ico t ine  solut ion in the  nose  by means  of  a special  single- 
dose  app l ica to r  [9]. This  " n a s a l  n icot ine  s o l u t i o n "  (NNS)  
can  give rise to p la sma  n ico t ine  c o n c e n t r a t i o n s  of  b e t w e e n  a 
th i rd  and  one  whole  c igaret te .  P lasma n ico t ine  concen t r a -  
t ions peak  7 to 10 minu te s  af ter  the  dose.  We  have  e x a m i n e d  
the  effects  of  N N S  on a s imple m o t o r  t a s k - - t a p p i n g  wi th  one 
f inger  on  a key as fast  as poss ible .  Our  sub jec t s  were  non-  
smoke r s  because  we wan ted  to d e t e r m i n e  the  effects  of 
n icot ine  wi thou t  the  compl i ca t ions  of  poss ib le  chron ic  
to l e rance  effects .  

F inger  tapping is one  of  the s imples t  m o t o r  act ivi t ies .  It 
has  been  repor ted  tha t  t apping  rate  can  be  inc reased  by 
s t imulan t  drugs  such as m e t h y l p h e n i d a t e  and  impai red  by  a 
range of  conven t i ona l  d e p r e s s a n t  drugs  inc luding bu toba r -  
b i tone  [4]. One  s tudy has  looked  at the effects  o f  n ico t ine  on  
tapp ing  rate in n o n - s m o k e r s  [2]. H o w e v e r ,  th is  s tudy used  

1Requests for reprints should be addressed to R. West, Department of Psychology, Royal Holloway and Bedford New College, Egham Hill, 
Surrey, UK TW20 OEX. 
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T A B L E  1 

TAPPING RATES IN 8 SUBJECTS BEFORE AND AFTER TAKING TWO 
2 mg DOSES OF NASAL NICOTINE SOLUTION AND AN 

INACTIVE SOLUTION 

Nasal Nicotine 

Baseline Post-dose 

Inactive Solution 

Baseline Post-dose 

Mean 389.8 406.1 * 390.9 393.5 
SD 49.8 43.3 45.0 46.4 

% Increase 4.2 0.7 

* Significant increase from baseline (p <0.01, Binomial). 

T A B L E  2 

TAPPING RATES IN 8 SUBJECTS BEFORE AND AF'FER 2 mg NASAL NICOTINE (NNS), 0.15 mg NNS AND 
INACTIVE PLACEBO 

2 mg NNS 0.15 mg NNS Placebo 

Baseline Post-dose Baseline Post-dose Baseline Post-dose 

Mean 427.4 448.2* 434.1 432.6 424.8 428. l 
SD 29.4 39.4 33.7 37.0 31.2 33.2 

% Increase 4.9 - 0.3 0.8 

*Significant increase from baseline (p<0.01, Binomial), greater than increase after 0.15 mg NNS 
(p<0.01, Binomial) and placebo (p<0.05, Binomial). 

n ico t ine  tablets .  G iven  the  poo r  abso rp t ion  f rom tab le t s  and 
the  fact  tha t  they on ly  c o n t a i n e d  0.1 mg of  n ico t ine ,  they 
mus t  have  been  no more  than  p lacebos .  It is no t  surpr is ing,  
the re fo re ,  tha t  there  was  no  increase  in t app ing  rate.  If  
n i c o t i n e ' s  o t h e r  s t imulan t  ac t ions  are also re f lec ted  in m o t o r  
p e r f o r m a n c e ,  then  the  N N S  should  increase  t app ing  rate.  

EXPERIMENT 1 

E x p e r i m e n t  1 was des igned  to de t e rmine  w h e t h e r  N N S  
would  inc rease  m a x i m u m  tapp ing  rate by  c o m p a r i s o n  wi th  
an  inac t ive  solut ion.  

Std)jects, Method and Results 

The  sub jec t s  were  eight  male  n o n - s m o k i n g  vo lun tee r s  
aged f rom 29 to 55 years .  Each  subjec t  pe r fo rmed  all condi-  
t ions .  In one  cond i t ion  the  sub jec t s  pe r fo rmed  a t app ing  task 
before  and  10 minu te s  a f te r  taking two 2 mg doses  of  NNS.  
The  tapp ing  task  requi red  sub jec t s  to tap  wi th  the  foref inger  
of  the i r  d o m i n a n t  hand  as fast  as poss ib le  300 t imes  on a 
single key o f  a Model  B ' B B C '  c o m p u t e r  keyboa rd .  The  
sub jec t s  were  a l lowed to tap  in any  way they  wished ,  us ing 
the i r  whole  arm if necessa ry .  T he  c o m p u t e r  au tomat ica l ly  
t e r m i n a t e d  the trial a f te r  300 taps  and  r eco rded  the  tapping  
rate  in taps  per  minute .  The re  were  no prac t ice  trials.  In the 
s econd  cond i t ion  an inac t ive  nasal  solut ion con ta in ing  a pep-  
pe r  ex t r ac t  was  used ins tead  of  the  nasal  n icot ine .  The  pep- 
pe r  ex t rac t  was  to mimic  some of  the local i r r i tancy of  the  
n ico t ine  in the nose.  

The  o rde r  o f  the two cond i t ions  was  ba l anced  and each  
cond i t ion  took  place on a sepa ra te  day.  N o n - p a r a m e t r i c  tes ts  
were  used to c o m p a r e  condi t ions .  In view of  n i c o t i n e ' s  o t h e r  

s t imulan t  ac t ions  one- ta i led  tes ts  were  used,  looking for an 
inc rease  in tapping rate.  

Tapp ing  rate increased  af ter  the N N S  in all sub jec t s  
(p<0 .01 ,  Binomia l )  whe rea s  af te r  the inac t ive  nasal  solut ion 
there  was no t rend  e i the r  way (Table  1). The  inc rease  af ter  
N N S  ave raged  4 pe rcen t  of  base l ine  pe r fo rmance .  

EXPERIMENT 2 

In o rde r  to conf i rm the f indings  o f  the p rev ious  s tudy and 
to e n s u r e  tha t  the resul t  was  not due to a p l acebo  effect  we 
c o n d u c t e d  a second s tudy in which  a single 2 mg dose  of 
N N S  was c o m p a r e d  with a very small n icot ine  dose  (0.15 
rag) and a p e p p e r  p lacebo.  This  s tudy was car r ied  out  
double-b l ind .  We were also in te res ted  to know w h e t h e r  the 
very  low dose  of  n icot ine  could e n h a n c e  p e r f o r m a n c e  on the 
tapping  task.  

Sut)jects, Method aml Results 

The  subjec ts  were  s even  male and one  female  non-  
smoking  volunteers  aged from 26 to 55 years.  All the subjects  
u n d e r w e n t  th ree  cond i t ions .  In each  cond i t ion  they first per- 
fo rmed  th ree  prac t ice  tr ials  of  the tapping  task with each  trial 
requir ing 200 taps.  Af ter  a rest  of  a minu te  they  per fo rmed  
th ree  base l ine  trials.  They  then  took e i the r  one 2 mg N N S  or 
one  0.15 mg N N S  or  one  inac t ive  nasal  solut ion con ta in ing  
p e p p e r  ext rac t .  Af ter  a wait  of  5 minu tes  they pe r fo rmed  a 
fu r the r  three  trials o f  the  tapping task.  The  means  of  the 
th ree  base l ine  and th ree  p o s t - N N S  trials were  t aken  as the 
p re -drug  and pos t -d rug  scores  respec t ive ly .  All the condi-  
t ions were  u n d e r g o n e  on  the same day with at least  two 
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TABLE 3 

TAPPING RATES IN 5 SUBJECTS BEFORE AND AFTER NASAL 
NICOTINE (NNS) WHILE ON 2.5 mg MECAMYLAMINE 

AND PLACEBO 

A: Mecamylamine 

Pre-mecamylamine Post-mecamylamine 

Pre-NNS Post-NNS Pre-NNS Post-NNS 

Mean 
SD 

% Increase 

396.6 415.9 402.7 411.8* 
32.1 35.8 36.3 37.0 

4.9 2.3 

B: Placebo 

Pre-placebo Post-placebo 

Pre-NNS Post-NNS Pre-NNS Post-NNS 

Mean 398.7 417.3 404.9 417.9¢ 
SD 36.0 33.8 28.5 33.7 

% Increase 4.7 3.2 

*Increase after NNS significantly less post-mecamylamine than 
pre-mecamylamine (p <0.05, Binomial). 

¢No difference between increase after NNS pre- and 
post-placebo. 

hours intervening between each one. The experiment was 
conducted double-blind. 

All eight subjects showed an increase in tapping rate after 
the 2 mg NNS (p<0.01, Binomial) whereas there was no 
consistent trend with either the 0.15 mg NNS or the inactive 
solution. The increase after NNS averaged 20.8 taps per 
minute, or 5 percent over  baseline, and was significantly 
greater than after either 0.15 mg NNS or placebo (p<0.01 
and p<0.05 respectively, Binomial)(Table 2). 

EXPERIMENT 3 

There is evidence that nicotine acts on cholinergic recep- 
tor sites in the CNS and autonomic nervous system [8]. The 
cholinergic antagonist, mecamylamine, has been shown to 
reduce at least some of nicotine's effects [14]. We conducted 
a further experiment to determine whether a small dose of 
this drug would reduce the effect of nicotine on tapping rate. 

Sul~jects, Method and Results 

The subjects were four male and one female non-smoking 
volunteers aged between 26 and 55 years. There were two 
conditions with each subject undergoing both. In one condi- 
tion the subjects performed six trials of the tapping task be- 
fore and after taking one 2 mg nasal nicotine solution. Each 
trial required subjects to tap 200 times and was followed by a 
30-60 sec rest. Then the subjects took a capsule containing 
2.5 mg mecamylamine. After waiting two hours to give the 
mecamylamine time to work, the subjects took another 2 mg 
nasal nicotine solution performing six tapping trials before 
and after as previously. The second condition was identical 
except that a placebo was substituted for the mecamylamine. 
Neither the experimenter nor the subjects knew whether 
mecamylamine or placebo was being taken. The order of the 
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FIG. 1. Tapping rate over one hour in a single subject after receiving 
active (2x2 rag) and placebo NNS. 
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FIG. 2. Tapping rate in two subjects over six hours when NNS (2 
mg) was given on an hourly schedule. 

conditions was randomized. The tapping rate in each six-trial 
block was averaged. It was expected that nasal nicotine 
would increase tapping rate and mecamylamine would re- 
duce this effect. 

In all five subjects the tapping rate was higher after taking 
the NNS than before it on every occasion that the nicotine 
was taken (Table 3). In all the subjects, this increase was 
smaller two hours after taking the mecamylamine than be- 
forehand (,0<0.05, Binomial). There was no consistent trend 
with the placebo. The tapping rate after taking the nasal 
nicotine was lower in every case when subjects were on 
mecamylamine than when they were on placebo (p<0.05, 
Binomial). 

EXPERIMENT 4 

This experiment followed the time course of the effect of 
NNS on tapping rate in a single subject. The aim was to 
assess the sensitivity and consistency of  the tapping measure 
and the duration of the nicotine effect. 

Sut~ject, Method and Results 

A single, non-smoking, male subject aged 45 took part in 
this study. A baseline measure of tapping rate was taken with 
the subject performing 300 taps. He then took two 2 mg NNS 
and performed the tapping task after 6, 9, 1 I, 16, 21, 26, 31, 
36, 41,46, 51, 56 and 61 minutes. On another day this proce- 
dure was repeated except that inactive nasal solution was 
substituted for NNS. The results are shown in Fig. 1. Tap- 
ping rate rose from 400 per minute before NNS to 437 per 
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minute I1 minutes after the dose.  It remained consis tent ly 
e levated up to 30 minutes and then began to decline,  but was 
still above  baseline levels after one hour. Af ter  the inactive 
solution there was no change in tapping rate. 

EXPERIMENT 5 

This exper iment  sought to de termine  whe ther  the effect o f  
N N S  would be maintained with repeated dosing on an hourly 
schedule or  whe ther  after the first few doses acute tolerance 
would occur.  

Subjects.  Method  and Results  

Two male,  non-smoking subjects took part in this experi-  
ment.  They performed two trials of  the tapping task (with 300 
taps per trial) before and two trials after taking one 2 mg 
N N S  every  hour from 9.45 a.m. to 3.45 p.m. (seven doses  in 
all). The post N N S  trials were  performed seven and 10 min- 
utes after the doses.  The pre-dose trials and post-dose trials 
were  averaged for each dose.  The results are shown in Fig. 2. 
It is evident  that the N N S  increased tapping rate after  every  
dose in both subjects.  The mean increase in tapping rate was 
3.2% ove r  baseline in one subject and 4,1% in the other.  
There  was no sign of  a lessening of  the effect with later 
doses.  

DISCUSSION 

In all five exper iments ,  the administrat ion of  2 mg nasal 
nicotine solution (NNS)  reliably enhanced  finger tapping 
rate. The increase from a single 2 mg dose was about  5%. 
There  was no increase from a placebo or  a single 0.15 mg 
dose.  The effect of  N N S  was reduced though not obli terated 
by a small dose (2.5 mg) of  mecamylamine .  The increase in 
tapping rate after N N S  was shown to last for at least 30 
minutes and there was no ev idence  of  acute  to lerance with 
repeated dosing on an hourly schedule.  

The size of  the effect of  N N S  on tapping rate was sub- 
stantial and must have been due to nicotine. By no means  is 
all o f  the nicotine in N N S  absorbed.  After  a single 2 mg dose 
it is unlikely that more than 1 mg enters  the blood on average 
[15]. Thus a nicotine dose considerably  less than that from a 
single cigarette can substantially improve  per formance  on a 
simple motor  task in non-smokers .  This does  not mean that 
smokers  would necessari ly exper ience  a similar increase.  
For  example ,  it may be that this effect of  nicotine is subject 
to tolerance.  If so, it may be necessary  for the smoker  to 
cont inue smoking to prevent  a deter iorat ion in per formance  
below normal levels;  and/or  only the first cigaret te of  the day 
may have an appreciable per formance-enhancing  effect.  

Nicot ine  is known to increase hand t remor  and it might be 

argued that our  results are due to this. Howeve r ,  this cannol 
be the case because the keyboard used for the tapping task 
was sprung and required more force than would be available 
from an exaggerated t remor.  Moreover ,  the speed of  t remm 
is considerably faster than ou t  subjects" maximum tappinf 
rate [ 10]. 

Mecamylamine  has been shown to reduce the effects o! 
nicotine on a variety o f  physiological  measures.  The finding 
that mecamylamine  reduced the effect of  nicotine on tapping 
rate suggests that similar cholinergic pathways  are involved 
in the actions of  nicotine on tapping as on o ther  variables. 
The dose of  mecamy[amine  used in this study was small and 
it is possible that complete  blockade would be achieved with 
a larger dose.  

The results of  Exper iment  4 showed that the effects ot 
N N S  are not fleeting and occur  for as long as there is 
nicotine in the blood. They also show that the measure  is 
sensi t ive enough to chart  the time course  of  n icot ine ' s  ef- 
fects. The fact that we could find no at tenuation of  the 
nicot ine- induced increase in tapping rate with repeated dos- 
ing suggests that the hourly schedule we used did not lead to 
acute tolerance to nicot ine 's  effects,  at least in the course  of 
one day. This does not rule out the possibility that continuing 
such a regime for longer than one day would not lead to 
longer- term tolerance.  Tolerance  has been observed  to some 
o ther  effects  of  nicotine such as dizziness [51. 

The fact that nicotine enhances  performance  on a simple 
motor  task does not mean that it necessari ly improves  more 
complex  information processing,  although there have been 
reports  that this may be the case [13]. It does indicate, how- 
ever ,  that it may be worth looking at the effects of  nicotine 
on physical abilities such as muscular  strength, speed of  
muscle movemen t  or  endurance.  If nicotine were found to 
have per formance  enhancing effects in these areas its use by 
spor tsmen might confer  an unfair advantage.  A case could 
then be made for including it in the category of  drugs 
proscribed in sport. 

In conclusion,  this series o f  exper iments  reveals that 
nasal nicotine can del iver  nicotine in sufficient amounts  to 
produce strong and consistent  effects  on a simple motor  
task. The way is now open to explore  the effects  of  nicotine 
on a variety of  per formance  measures  involving perceptual ,  
motor  and cognit ive processes  to assess the role that it may 
play in maintaining smoking. 
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